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[57]  ABSTRACT

In the present invention are disclosed a hollow steel pile
having an open extremity end with a helical projection
composed of a round rod or rectangular rod of its
height less than 20 mm arranged at an outer circumfer-
ence of the pile or at both outer circumference of the
pile and inner circumference of the pile at a length part
less than ten times of s diameter of the pile, a method for
fixing the inner circumferential projection and a pile
execution method using such a pile as above. This hol-
low steel pile may preferably be used as a friction pile
and a supporting pile, no vibration and noise are found
during its execution of work, a better workalility 1s
assured, a cost of execution of work is less expensive
and this process is suitable for performing in a narrow
site. | |

4 Claims, 10 Drawing Sheets
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1

HOLLOW STEEL PILE, MANUFACTURING
METHOD AND PILE DRIVING METHOD

This application is a continuation of application Ser.
No. 07/554,079, filed Jul. 17, 1990, now abandoned
which is a continuation of application Ser. No.
07/253,251 filed Oct. 4, 1988, now abandoned.

FIELD OF THE INVENTION
This invention relates to a hollow steel pile having

5,137,394
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open ends, and more particularly a hollow steel pile, a

method of execution of work for a hollow steel pile, a
device for forming an inner spiral rib at an end of the
hollow steel pile and a method for forming the spiral rib
by utilizing a spiral rib forming device.

PRIOR ART

As an initial bearing pile, it is well known to provide
a precast concrete pile of prestressed concrete or rein-
forced concrete of a monkey direct driving type. Its
execution of work requires a large-sized machine which
may provide a substantial influence to the surrounding
neighborhood such as noise and vibration. It 1s some-
times found that there is a housing area where such
machine can not enter, resulting in high cost of work.

It is a drilling type of hollow steep pile having open
ends that eliminates the above-mentioned disadvantages
completely. The hollow steel pile can be settled in the
ground through a rotary press-in method. The hollow
steel pile i1s provided with saw-teeth at its ends or with
a cutting tool at the end of the steel pipe and the pile 1s
held at its head by a rotary device and twisted into the
ground through rotational force. As a foundation pile
~ capable of performing to facilitate the above-mentioned
twisting or screwing, a hollow steel pile having at 1ts
end or intermediate part some excavation vanes Of
screws also at the outer periphery or inner periphery of
the hollow steel pile having open ends is already dis-
closed in Japanese Patent LLaid-Open No. 62-86224 and
the like. |

In the disclosure screw vanes are provided at the end
of the hollow steel pile as well as at the circumferential
surface of an intermediate part; the pile is held at the
head by the rotary device and is settled into the ground
with a weight of the device and the rotary pulling ac-
tion of the screw vanes. Further, the peripheral surface
of the main body of the pile is formed with one or a
plurality of helical bands to cause the bearing area of the
pile to be increased and the ground around the pile is
press fitted by the helical bands, so that it 1s expected
that the bearing force for the pile is increased and the
stability of the pile becomes superior.

In view of the above-described arrangement, the
following disadvantages are found in its practical opera-
tion.

i) When the pile is rotated with the excavation vanes
arranged at the inner circumference and the outer cir-
cumference of the pile, the pile may excavate the stra-
tum and advance in it due to its own weight and then
the pile penetrates into the ground automatically like a
screw nail, although it shows a certain problem in real-
izing a bearing force after its penetration into the
ground. That is, the above-mentioned excavation vanes
are designed to have plate-like forms and a wide width
just like a cutting blade by evaluating its excavating

capability, so a speedy excavation of the stratum can be -

realized, although the outer and inner surface soils of

15

20

25

30

35

40

45

50

2

the pile are peeled off and discharged. Such a soil dis-
charging action i1s quite important not only due to re-
quiring its processing but also due to a rough or close
condensation of the stratum bearing the pile. A substan-
tial number of days 1s required for the disturbed stratum
to recover its density and the present situation shows
that a substantial time is required for recovering a fric-
tional force at the circumferential surface for sustaining
the bearing force and a sufficient bearing force can not
be attained. | |

ii) As described above, manufacturing and fixing of
the excavation vanes formed like a wide plate so as to
enable a desired strength to be attained thereby may
naturally result in a quite high cost production.

iii) Arranging of the excavation vanes at an interme-
diate part of the pile is also considered, although the
intermediate vanes may act as a resistance against a
negative friction so that pile strength becomes a prob-
lem.

'An actual survey of the pile shows that a monkey
direct driving pile is acknowledged to have an excessive
bearing force caused by elapse of time, although in case
of a rotary pressing-in pile, the increase of the bearing
force caused by elapse of time is not acknowledged .
This is due to the fact that the friction force of the
ground to be born by the main body of the pile is re-
duced with the cutting blades projected from the pe-
ripheral surface of the pile, though the blades are ap-

plied in view of execution of piling work with low

noise, low vibration and high speed operation. A sub-
stantial number of days is required for recovering the
disturbed ground.

As another way of execution of work for accommo-
dating the above-mentioned bearing force and perform-
ing the work with lower noise, low vibration and
speedy operation, there is provided an internal excava-
tion method which can be applied to the hollow steel
pile.

This internal excavation process 1s applied to a stra-
tum having an intermediate sand layer having a relative
high N-value until the pile reaches the bearing stratum.
The pile to be used in this process 1s limited to one
having a hollow circular section in view of the feature,
wherein a spiral auger is inserted into the hollow part
and the pile is settled down to the desired depth by its
own weight and a pressing-in device while the exca-
vated soil is discharged from the pile head through the
hollow part of the pile. After the pile has reached the
desired depth, the pile is penetrated into the bearing
layer so as to realize the bearing force. As the bearing
force realizing process, there are three types including:
1. pile driving process, '

2. consolidation process of foundation and

35

3. enlarged consolidation process of foundation.

The pile driving method has the problem of noise and
vibration and the consolidation method of foundation
has the problem in which the end bearing force is lower
than that of the driving pile; in particular in case of a
hollow steel pile, the sectional area of the pile itself 1s
small, adhesion of the consolidation concrete to the pile
wall becomes insufficient due to presence of the exca-

. vated soil adhered to the inner surface of the pile with

65

resulting problem in the bearing force. A method over-
coming disadvantage is an enlarged consolidation
method of foundation. However, in this case a special
auger head is used and requires a bottom enlargement
excavation process. It further has disadvantages that
slime from the lower part of the consolidation concrete



. 3
of the foundation can not be removed completely and

much time is required to set the concrete.
Since the hollow steel pile has open ends, the soil is

filled within the pile. The amount of soil introduced into

. the pile is limited by frictional resistance between the
- inner wall of the pile and the soil, which restricts the

“penetration speed of the pile. Although a certain range

of frictional resistance of the inner wall of the pile (in
general less than about 2 times the diameter) effectively
contributes to the bearing force near the end of the pile,
the frictional resistance of the inner wall of the pile of
‘the in-pile soil more the height becomes a resistance
‘when the pile is penetrated so as to reduce the pile
penetration speed. To promote the penetration speed, a
~spiral rib is provided at the inner circumference of the
- end of the pile. Means for carrying out an automatic

5,137,394

_ 4 .
The pile driving method of the present invention
employing the above-mentioned hollow steel pile is

- characterized in pressing the pile down to a bearing .
stratum layer and screwing it into the beanng layer.
_Anothe:r pile dnvmg method is characterized in insert-

ing a spiral auger into a hollow part of the pile, pressing

 down the pile to a bearing stratum layer while the soil

15

operation to fix an inner b inside a pipe is proposed in

Japanese Utility Model Publication No. 53-24092 and
Japanese Patent Laid-Open No. 51-107262 or the like in
which the inner rib is welded to the flat steel plate in
‘advance, then the flat plate is rolled into a plate-rolled

pipe. _
SUMMARY OF THE INVENTION

It 15 an object of the present invention to provide a

“hollow steel pile which can perform a clean execution

20
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of work under proper penetration torque and have a

substantial bearing force.

Another object of the present invention is to prowde
a steel pipe pile sufficiently consolidated for the founda-
tion against the bearing stratum under an effect of
screwing operation of the inner wall and at the same
time a friction is generated between the soil column in
the pipe kept at a proper consolidated state and the
inner wall, resulting in a higher bearing force irrespec-
tive of the simple and easy execution of the work.

It 1s a further object of the present invention to pro-
vide an easy and economical means capable of forming
- an automatic and mechanical fixing of the inner spiral

rib at the end of the already-formed steel plle even a
small diameter pile. -

In order to accomplish the above described obijects,

30
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the present invention has been proposed in view of the -

above-described circumstances and its main gist consists
in a system in which a helical projection composed of a

" round rod or a rectangular rod with a projection height

is discharged by the auger head, and then screwing the

pile mto the bearing layer.
10

BRIEF DES_CRIPTION OF THE DRAWINGS

- FIG. 1is a perspective view, with a portion broken
away, showing a hollow steel pile constructed in accor-
dance with the present invention.

FIG. 2 is an enlarged detail view showing an end of
the hollow steel pile of the present invention.

FIG. 3 is an illustrative view showing a penetration
mechanism for solil into a pile of the present invention.

FIGS. 4a and 4b are longitudinal sections showing
hollow steel pile of the present invention.

FIG. § 15 a relative diagram showing a relation be-

tween penetration torque and wall thickness.

FIG. 6 is a relative diagram showing a relation be-
tween penetration speed and the threaded projection in
the pile.

FIGS. 7a and 7b are ﬂlustratwe views showing
screwing and penetration of the hollow steel pile in the
process of the present invention.

FIG. 8 is an illustrative view showing a penetration
mechanism 1n the pile. |

FIGS. 9()) to (vi) are illustrative views showing an
order of method steps.

FIGS. 10ag and 10b are an illustrative views showing
modes of use of the device of the present invention;
FIG. 10b is a view taken along the line b—b which
appears in FIG. 10a.

FIRST PREFERRED EMBODIMENT

A first preferred embodiment of the present invention
is a hollow steel pile having a helical projection of 20
mm or less in height at an outer circumference at a
length part less than 10 times the diameter of the pile.

- When the rotary pressing-in operation is to be carried

435

of 20 mm or less is arranged over a length of about 10 ..

- times or less of the pile diameter at an outer circumfer-
ence of the end of a steel pipe pile having open ends, and
wherein a projection is also arranged at the inner cir-
cumference of the end of the pile. -
The present invention has an arrangement in which
the inner diameter size of a desired length at the end of

" the hollow steel pile having open ends is reduced, and

the wall thickness of the pipe is made slightly greater.
The inner spiral rib forming device is constructed

such that a fixing base frame body is assembled in such

a way that it may be moved axially and slidably in re-

spect to the lateral core body and may not be moved
axially and circumferentially from a bearing block to be'
inserted into the end part of the worked and machined

- steel pipe, the fixing base frame is provided with a plu-
rality of suspended legs having at their ends spiral rib
holding rollers in axial spaced-apart relation thereto, a
preceding suspended leg pressing part is provided with
~ a torch directed and set, and the opposite sides of the
suspended legs are provided with pressing rollers abut-
ting against the inner surface of the hollow steel pile.

50
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out, the soil at the surface of the circumference of the
pile is peeled off and is not discharged, which differs
from conventional excavation vanes: the surface soil at
the pile is broken by the helical projection and is accu-
mulated without being moved at all; a clean pressing-in

-operation without any discharging any soil is carried

out under a depressing action of the soil against the
circumferential surface of the pile; a substantial reduc-
tion of the disturbance of the stratum enables a reduc-
tion of the circumferential surface frictional force and
recovering time can be reduced, a sufficient bearing
force can be attained, penetration of soil into the pile is

promoted without disturbing the surface soil at the

inner wall of the pile, the penetration speed is increased
and at the same time the inner frictional surface force is
increased and a high end bearing force can be realized.
- Referring now to the drawings, this embodiment of
the present invention will be described in detail.

In FIG. 1, reference numeral 1 indicates a hollow
steel pile having open ends and a helical projection 2

~composed of a round rod or a rectangular member with

a projection height of 20 mm or less welded to the outer
circumference of the end -of the pile over a length of
about 10 times or less of the pile diameter.
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The length of the helical projection 2 is preferably
short as an excessive length may cause the torque in
performing the rotary pressing-in operation to be in-
creased uselessly and to delay the penetration time and
further may increase the degree of disturbance of the
ground and require a long pertod of time for recovering
the frictional pile force at its circumferential surface.

However, too short a length of the projection 2 may
not provide any excavation function or circumferential
friction resistance force. |

The above-described helical projection range is pro-
vided in reference to various experiments and studies.
As regards the above-mentioned projection height, the
fact that the pile bearing force is substantially influ-
enced in response to the height of the projection as well
as the frictional resistance force recovering time after
penetration has been confirmed as a result of loading
tests and this shows that the greater the projection
height, the better the result. ,

- However, the torque when the pile penetrates 1s ex-
cessively increased.

As a result of performing various experiments and
studies on such heights as enabling an effective bearing
force to be attained within a range not increasing the
torque when the pile is penetrated, the above-described
range has been provided.

In penetrating a sand layer, the frictional surface is

10
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the outer circumferential surface of the pile and even if |

a slight projection height is used it may realize a screw-
ing effect, so that a lower projection height is satisfac-
tory and so the discharging soil could be eltminated.
The most important feature of the above-mentioned
disclosure consists in the fact that the excavation vanes
are made of round rod or rectangular rod and in addi-
tion it results in less cost, a provision of the associated
strength with simple welding work and economical
effectiveness. As a result, it has been proposed to pro-
vide a hollow steel pile for use in rotary pressing-in
work which is effective in its realization of workability

30

35

and bearing force by restricting the associated range of 40

the helical projection 2 to the end and also limiting the
height of its projection. -

As shown in FIG. 2, it is effective to provide a helical
projection 3 within the pile in case the pile 1s to be
penetrated into a hard stratum and the penetration time
is extended; the in-pile screw thrust force may shorten
the penetration time. In addition, after penetration, the
projection 3 may increase the frictional resistance force
against the soil within the pile and a bearing force at the
end of the pile 1s provided.

In-pile screw projection 3 is required to be attached
in a range more than at least two times or more of the
diameter where the load at the end may act to increase
the load at the side wall of the end of the pile. Further,
the projection 3 is attached at a Iength in the range more
than five times the diameter of the pile in order to real-
ize the effect of a screw. Further, the helical shape as

well as the pitch of the helical line and its length 1s not
necessarily the same as that of the outer projection 2

and its selection may influence the penetration speed
torque. |

As shown in FIG. 3, the penetrating soil 4 in the pile

1 has a sliding action at the end of the pile and the in-pile
soil 4 may accept a transmittance -of torque from the
end, generates a relative speed between the pile 1 and
the in-pile soil 4 and then penetrates into the pile while
being rotated. The in-pile soil column 4 is rotated to
reduce dynamic frictional resistance at the inner surface

45
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of the pile and is pushed up with a screw thrust and with
a load at the extremity end generated as the soil is ro-
tated.

In addition to the above-mentioned disclosure, as
shown in FIG. 2, if the end of the pile 1 is made as a
saw-tooth 5 or is provided with a bite 6 for excavating
a width corresponding to the total of projections 2 and
3 and the pipe wall thickness, the penetrating efficiency
of the structure 1s improved more.

Turning now to an example, work was performed
with a pile having helical projections with a pitch of 300
mm and a height of 13 mm at both inner and outer
surface at the end 3m of a pile having a diameter of 300
mm. The pile was penetrated down to a depth of 21 m
at the stratum with an N-value of 50 in about 60 min-
utes. No discharging soil was found at all.

As regards the test results of vertical loading tests, a
desired withstand load was attained. Effects attained
with the above-mentioned inner screws of the pile will
be described as follows. A comparison of penetration
speed at a stratum with an N-value of 30 will be ex-
pressed as the amount of penetration per single rotation
of the pile, as follows

Penetration Inner screw Inner screw
Speed 1s present is not present
Sand [Layer 33.2 mm/r 25.5 mm/r
N = 30
Clay Layer 52.0 43.3
N=10

As -described above, the inner screw 1s particularly
effective at a sand layer having a long penetration time
and further it is confirmed that the total penetration
time can be reduced with its use.

SECOND PREFERRED EMBODIMENT

A second preferred embodiment of the present inven-
tion provides a hollow steel pile having a reduced size
open end. The end bearing force is maintained with the
end frictional force increased by a narrowed spacing,
the entered soil at the small diameter part of the pile is
loosely passed at the large inner diameter part to reduce
the inner wall friction of the penetrated soil, and pene-
tration of the pile is improved to reduce a desired torque
when screwed. |

FIGS. 4a and 4b are a longitudinal section for show-
ing a steel hollow pile of the present invention, wherein
FIG. 44 indicates a case in which the helical projection
composed of a round rod or a rectangular rod is not
provided and in turn FIG. 4) indicates a case in which
both helical projections 13 and 14 are provided.

In case of the hollow steel piles 11 (FIG. 4g) and 11’
(FI1G. 4b), as shown in the drawings, the inner diameter
of a desired length 1 at the end is smaller and the pile
wall thickness t; only at this portion is slightly greater
than the pile wall thickness t; at the other part of the
pile. |

The reference numeral 12 denotes saw-teeth. How-

'cver, in case of the system shown in FIG. 4a), the pene-

trated soil in the pile is cut at a smaller diameter than

that of the conventional system and the inner wall fric-
tion of the penetrated soil is reduced and thereby the

required torque 1s also reduced.

As a result of penetration tests of the pile, it has been
found that the maximum torque of the pile of the pres-
ent invention is substantially lower than that of the
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conventional i:)ile. Test results of a pile having a diame-
ter of 300 mm is indicated in the following table.

Comparison of Maximum Torque

Pile of the Present t] < 12 T = 8—m
~ Invention = -
- Normal Pile t] =ty T = 10{—™

It has been confirmed that a narrow inner diameter of

- the pile end causes the frictional resistance force at the

. 8
The line 15 in FIG. 5 indicates a case of a hollow steel
pile in which a projection 13 having a pitch of 300 mm

and a length of 3,000 mm is arranged on the outer cir-

10

end to be increased, and result of load tests shows suffi-

cient bearing force.

In FIG. 4b, the hollow steel pile 11’ has a hehcal
projection 13 composed of a round rod or rectangular
rod having a height of 20 mm or less which is welded at
the outer circumference of the pile end over a length of

o less than ten times the diameter of the pile.

| As regards the attached length of the above-
- described helical projection 13, if the length is too long,

~ the torque required for use in performing a rotary press-

B Ing-in operation is increased uselessly to delay the pene-
tration time and to increase disturbance of stratum as

15

20

‘well as to require a longer period of time for recovering

‘the frictional resistance force at the circumferential

surface, so that the shorter length is preferable.
‘However, too short a projection length may not pro-

vide enough excavation capability or enough resistance

force at the circumferential surface.

~ As regards the above-mentioned projection height, it

~ has been confirmed from a result of load test that the

“bearing force of the pile is substantially influenced in
response to the projection height in view of the fric-

~ tional resistance force recovering time after penetra-

 : tion, and further it has been found that the greater the
‘projection height, the better the bearing force.
However, m other cases the torque when the pile is

25

30
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- penetrated becomes excessively high. As a result, a

hollow steel pile for use in performing a rotary pressing-
~ in process which is effective and economical in realizing
‘workability and a bearing force has been provided by a

" method wherein an attaching range of the helical pro-

jection 13 is limited to the end of the pile and also its
projection height is limited.
In case the pile is to be penetrated into a hard stratum

and its penetration time is extended, it is effective to

provide the helical projection 14 in the pile, and its
in-pile screw thrusting force may reduce the penetrat-

40
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ing time. In addition, after penetration, the internal

~projection 14 may increase the frictional resistance
force against a soil in the pile and produce: the bearing
force at the end of the pile.

The in-pile screw projection 14 is required to be at-
tached at a range at least more than two times diameter
where the load at the pile end may act to increase the
load at the side wall of the end of the pile and in order
to realize the effect of a screw, the projection is at-

- tached for more than five times of the diameter. The

- shape of the helical part as well as the helical pitch and
the length of the helical part may not necessarily be the
-~ same as that of the outer projection, although their
- selection may influence the penetration speed or torque.

- In FIG. § is illustrated a difference of penetration
torque 1n each of the piles having projections 13 and 14

30

cumference of the end of a steel pile havmg the same
wall thickness, as an example of comparison, and a

‘projection 14 having a pitch of 300 mm and a length of
3,000 mm arranged at the inner circumference of the

steel pile. The line 16 in this ﬁgure indicates the arrange-
ment of the present invention in which the same projec-
tions 13 and 14 as described above are arranged on a pile
having a small inner diameter at the pile end and a thick
wall at the pile end.

In this ﬁgure it is disclosed that the torque is reduced.

Then, in' FIG. 6 is illustrated a relation between
length of the prOJectmn 14 and penetration speed.

Lines 17 and 18 in the figure correspond to the lines
15 and 16, and the line 19 corresponds to one in which
the projection 14 of the lines 15 and 17 is reduced to a
length of 1,500 mm, or half of the former one. It is
apparent that the length of the projection 14 may re-
markably influence the penetration speed.

 THIRD PREFERRED EMBODIMENT

A third preferred embodiment of the present inven-
tion provides a pile driving method employing a hollow
steel pile, especially in the case of applymg an internal
excavation process. A spiral auger is inserted into a

hollow part of the hollow steel pile, the pile is settled

down by its own weight and a pressing-in device while

the excavation and soil discharging are being carried

out by the auger head, and upon reaching the bottom,
the required length of the pile is screwed into and pene-

- trated into the desired stratum. Thereby a high fric-

tional resistance is generated between the pile pene-
trated soil column enclosed and restricted and the inner
wall surface of the pile through the screw-like projec-
tion and when a bearing force which is approximate to
the monkey direct driving pile is realized.

FI1GS. 7a and 7b illustrate a process of screwing and
excavation of a hollow steel pile as applied in the work

“of the present invention in case of performing the inter-

nal excavation process together. FIG. 8 illustrates in-
pile penetration mechanism in the present invention.
FIG. 9() to (v) illustrate the sequence of steps for the

-case of performing the internal excavation together.

As clearly shown in FIG. 7a, a hollow steel pile 1
used in the execution of work of the present invention
has a screw projection 22 on the inner wall of the end of
the pﬂe The screw projection 22 is constructed such
that an iron bar is normally welded in a splral form. As

~ another alternative projection, a projection is prowded

35

at the stage of plate rollmg and a screw projection is
applied. A spiral auger 23 is inserted into the hollow
steel pile 21 and settled down by the weight of the pile
itself and a pressing-in device while being excavated
and discharging down to the desired stratum acting as a

- bearing layer 24 by the auger head 23a.

between one having a pile wall thickness at the end of 65

the pile slightly thick as disclosed in the present inven-
tion and the other having no such thick pile wall por-
tion.

In the drawing, the reference numeral 25 denotes a
friction cutter, and the reference numeral 26 denotes a
screw projection arranged on the outer surface of the
pile. Although the hollow steel pile 21 shown in the
drawing is illustrated as having a stepped form which is
connected to a cylindrical part having a small diameter
through a metering part, a normal straight cylinder
form may also be applicable

After settlement as shown in FIG. 7q, the pile 21 is
screwed and penetrated into the bearing stratum 24 by
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a desired length with an auger drilling machine. (FIG.
7b)

A screw effect or the inner part of the pipe in FIG. 7b
and the penetrating mechanism will be described. In
order to penetrate the pile into the desired depth, it is
necessary to penetrate the soil at the end of the pile
smoothly into the pipe from the end of the pile

The soil entering into the pile from the end 1s pushed
up in sequence by the load at the end of the pile and the
screw thrusting force in the pile |

The pile 1s rotated at a faster rate than that corre-
sponding to the screw pitch and the penetration speed
and results in a sliding movement at the end of the pile,
the soil in the pile transmits a torque from its end to
generate a relative speed between the pile and the soil in
the pile and the pile penetrates into the soil while being
rotated. The soil column in the pile makes a frictional
resistance at the surface of the pile as a dynamic friction
resistance as the pile is rotated and the soil in the pile is
pushed up by a screw thrusting force and a load at the
end of the pile generated as the pile is rotated.

In FIG. 8 is illustrated the above-mentioned in-pile
penetration mechanism. As the load at the end of the
pile is increased, transmittance torque is also increased
and at the same time resistance of the inner wall at the
end of the pile is increased, so that the increasing of the
load at the end of the pile does not effectively act
against penetration of the soil into the pipe.

Thus, it is an essential feature of the method of the
present invention to transmit a torque to a soil column
in the pile under a certain proper load at the end and to
penetrate the pile into the soil

The screw projection in the pile is required to be
attached in a range at least more than two times of the
diameter d to which the load at the end may act to
increase the load at the end of the pile.

The screw projection arranged at the outer surface of

the pile may cut the ground to excavate the stratum out
of the outer circumference of the pile upwardly Thus,

the projection attached to the outer circumference of

the ptle is not necessarily a spiral iron rod and it is some-

times provided in the form of only a friction cutter at

the end of the pile. However, provision of a spiral iron
rod over a certain length of the end of the outer circum-
ference of the pile enables the required torque gener-
ated during its penetration to be decreased, and after
penetration work, it may increase the friction resistance
force between the bearing layer and the outer circum-
ference of the pile and realize the bearing force.

In reference to FIG. 8, an order of steps of the
method will be described. |

(i) A spiral auger 23 1s inserted 1n advance into the
hollow part of the pile 21 and assembled to the pile
driving machine 27

(i1) The spiral auger 23 is connected to the auger driving
device 23b, its vertical orientation is assured and ex-
cavation is started.

(iii) The spiral auger 23 is rotated and the pile 21 1is
settled down while the stratum facing to the ex-
tremity end of the pile 1s being excavated.

(iv) The pile 21 is settled down to a position as one
where a coupling welding work may not be hindered.
After the pile 21’ having the spiral auger 23 inserted
is assembled in the same manner as that of (1) and the
upper and lower spiral augers 21, 21’ are connected to
each other, the coupling of the pile is welded in such
a way that its axis is a straight line.

5,137,394

S

10

15

20

25

30

35

40

45

50

55

65

10

(v) The piles 21, 21’ are settled further to the desired
depth and then the spiral auger 23 is rotated in an
opposite direction and pulled up.

(vi) After pulling off of the spiral auger 23, the pile and
the auger drill machine 235 are connected to each
other, rotated and pressed in to the bearing stratum
24, and consolidated at the foundation to resist the
bearing force.

In case that intermediate sand layer N in the stratum
is not high, the intermediate excavation processes of (i)
to (v) may be eliminated and the pile and the auger drill
machine may be connected first, rotated and pressed in.

A feature of the above-described arrangement of the
present invention consists in the fact that the hollow
steel pile having a screw projection attached to the
inner wall of the end of the pile 1s screwed 1nto the
ground and penetrated into it. With this arrangement, a
higher frictional resistance which 1s different from that
of the outside part of the pile is generated between the
pile and the penetrated soil enclosed and restricted
within the pile, and at the same time the effect of pene-
tration is understood to be increased, so a measurement
of comparison has been performed.

Examples of the execution of work of a pile having a
size of 400 mm 1n diameter X 22 m in length are com-
pared with one having an inner wall screw and the
other having no inner wall screw.

@ One having an inner wall screw at the end of the
pile: Screw: Iron rod of 13 mm in diameter welded;
Outer circumference pitch of 400 pitch, inner cir-
cumference pitch of 400 pitch;

The other having no inner wall screw at the end of
the pile |
Screw Iron rod of 13 mm in diameter welded; Quter
circumference pitch of 400 pitch

Required Torque 4.5!—m 4.5(—m
Penetration Depth 16 m 16 m
Penetration Time 40 min 60 min

As described above, it is apparent that the penetration
time can be shortened under the effect of a screw at the
mner wall.

FOURTH PREFERRED EMBODIMENT

Referring now to the drawings, a fourth preferred
embodiment of the present invention will be described.
FIGS. 10a and 105 are an illustrative views for show-
ing a state of use of the device of the present invention.
FIG. 10q is a view taken along a of FIG. 10a.
In the drawings, a reference numeral 31 designates a
lateral core body inserted into an end of a mmachined and

preformed steel pipe 32. Core body 31 1s composed of a

rectangular steel pipe and the like which is projected
out of a fixed supporting table not shown. To this lateral
core body 31 is assembled a fixing base frame 33 which
can be axially shid along the core body 31 and 1s not
rotatable in a circumferential direction.

The fixing base frame 33 is provided with a plurality
of suspending legs 34, with a desired spacing (a

iiiii

‘spiral pitch) in an axial direction, and the ends of the

suspending legs 34 are provided with spiral rib holding

rollers 34a.
From the fixing base frame 33 is projected a torch 35

and this is directed near the rollers 34a preceding so as
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~ to press and set a position of the spiral rib 36 not yet
welded as shown.
In turn, at the upper side of the ﬁxlng base frame 33,
a pressing roller 37 abutting against an inner surface of
the steel pile 32 having a pressurizing mechanism such

5

as a spring 37a installed so as to press the rollers 34a

- against the inner surface of the steel pile 32 is provided.

The rib 36 composed of a round rod or rectangular

rod formed in a spiral form in advance is inserted into

the end of the already-formed steel pile 32, only the
~open end where an operator may manually reach is

- welded at 8 by hand for temporarily fixing and rib 36 is

. fixed there. The steel pile 32 is mounted on a rotary

- device such as a turning roller and the like not shown.

- The above-mentioned device is inserted into the end
~ of the steel pile 32 maintained in this condition, the

37 is abutted against the inner surface of the steel pile 32.

10

15

. rollers 34a hold the spiral rib 36 and the pressing roller

Thus, the preceding roller 34a holds the rib 36 not yet

welded at a desired spiral pitch position in reference to
the rollers 34a for holding the rib 36 temporanly fixed

- to the open end under rotation of the steel pile 32 and at

the same time it is welded with the torch 35 at once. The
fixing base frame 33 1s relatively advanced into the steel

 pile32soasto complete automatically the formation of

the spiral rib at the inner surface of the end over a de-
sired length. |

- Since the torch 35 1s requlred to be compact in size, it
- 1S preferable not to provide any flux supplymg dewce
- and the like, i.e. to use a flux cored wire.
- The welding position of the torch 35 1s directed
downwardly as described above and fixed, and a stable
“welding can be made. As for the pressing roller 37, it
- must be considered that a uniform pressing pressure is
- maintained against a group of rollers 34g and the spiral

~ rib 36 may not act as an inhibitor and so a symmetrical

arrangement or a plurality of steps of pressmg rollers
should be made.

- The above-described device is Operated such that the

- rib which is formed in a spiral form in advance 1S In-
- serted into the end part and only the open end part

-~ manually reached is welded by a manual operation and

20

12

the welding could be performed without any problem
and its quallty condition was assured.

What is claimed is:

1. A hollow steel support plle having both ends open,
and structured to be rapidly driven into soil under low
torque conditions with strong soil support and without
disturbing surface soil, characterized in that an outer
helical projection means composed of a round rod or
rectangular rod member having a projection height of |
20 mm or less is arranged at an outer circumference of
the pile to increase bearing capacity upon driving the
pile, said projection extending less than the entire length
of said hollow steel pile and having a length, measured

‘along the length of said pile, which 1s less than 10 times

the diameter of the pile, said projection being located
substantially at the end of the pile to increase resistance
force along the surface of the pile and minimize applica-
tion of torque upon driving the pile, and wherein an

1nner helical projection means also composed of a round

rod or rectangular rod member having a projection
height of 20 mm or less is fixed to the inner surface of
the pile and extends through only a part of the plle
length from the end of the pile so that frictional resis-
tance force against soil inside the pile is increased and

5 the beanng capac:1ty of the plle 1s increased in conjunc-

30

tion with the outer projection when the pile is driven.
2. A hollow steel pile as set forth in claim 1 in which
a saw-teeth recess and/or a cutting tool is arranged at
the end of the pile.
3. A driven hollow steel support pile adapted for
rapid, low torque driving without disturbing surface
soil and having both ends open, characterized in that an

~ outer helical projection means composed of a substan-

35

tially round rod or substantially rectangular rod mem-
ber having a projection height of 16 mm or less is ar-

- ranged at an outer circumference of the pile, said pro-
~ jection extending less than the entire length of said

fixed and then inserted into the extremity end of the

- already formed steel pipe laterally installed on the ro-
~ tary device. The spiral rib pushed against the inner

surface of the steel pile with a pushing force of the

~pressurizing rollers through the spiral rnb holding rol-
lers are welded in sequence through torch as the steel

pile is rotated.

~ In a practical use of the arrangement, an iron rib of 13
mm In diameter was welded to an inner wall of a pile
having an inner diameter of 300 mm, a length of 15 m,
a length of extremity end of 3000 mm, resulting in that

45

30

35

65

hollow steel pile and having a length measured along
the length of said pipe, which is less than 10 times the

“diameter of the pile, said projection being located sub-

stantially at the end of the pile, wherein an inner helical
projection means also composed of a substantially
round rod or substantially rectangular rod member
having a projection height of 16 mm or less is fixed to
the inner surface of the pile and extends through only a
part of the pile length and from the end of the pile so
that frictional resistance force against soil inside the pile
is increased and the bearing capacity of the pile is fur-
ther increased in conjunction with the outer projection
when the pile is driven. *

4. A hollow steel pile as set forth in claim 3 in which

a saw-teeth recess and/or a cutting tool i1s arranged at
the end of the pile. |

* % % % %
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